INTRODUCTION
It has been demonstrated, in both rat mesenteric lymphocytes and mouse peritoneal macrophages incubated in vitro, that rates of glucose and glutamine utilization are high, but the rates of complete oxidation of these substrates are low (Ardawi & Newsholme, 1983 Newsholme et al., 1986 Newsholme et al., , 1987 . Since both substrates give rise to pyruvate as a common intermediate on the pathway to form acetyl-CoA for the tricarboxylic acid cycle, a simple explanation for this observation could be that the capacities for both glycolysis (from glucose) and glutaminolysis (i.e. partial oxidation of glutamine; see McKeehan, 1982) are very much greater than the capacity for pyruvate oxidation (i.e. pyruvate dehydrogenase activity) in both types of cell. The maximal capacity of glycolysis can be indicated from the maximal activity of 6-phosphofructokinase in vitro, that of glutaminolysis from the activity of glutaminase (see Ardawi & Newsholme, 1982 Newsholme et al., 1986) , and that of pyruvate oxidation from the activity of pyruvate dehydrogenase (Paul, 1979) . The last of these has been measured in pig lymphocytes (Baumgarten et al., 1983 ), but has not been reported for rat lymphocytes or murine macrophages. In addition, the rates of oxidation of pyruvate by these cells could be compared with the known rates of glucose and glutamine utilization.
The rate of pyruvate oxidation in intact cells or mitochondria is usually measured by following the conversion of [1-14C] pyruvate into 14CO2. However, it has been pointed out that, in tissues which possess pyruvate carboxylase activity, conversion of [1-14C]-pyruvate into 14CO2 could also occur via pyruvate carboxylation and subsequent reactions of the tricarboxylic acid cycle (Myles et al., 1984) . Since pyruvate carboxylase activity is present in both rat mesenteric lymphocytes and murine macrophages (Ardawi & Newsholme, 1983; Newsholme et al., 1986) , and since this enzyme is known to be present in the mitochondria of lymphocytes and macrophages (Newsholme et al., 1987) (Hume & Weidemann, 1980) and pig lymphocytes, and this has been assumed to be due to increased activity of pyruvate dehydrogenase (Baumgarten et al., 1983 
Preparation of lymphocytes and macrophages
Murine macrophages were obtained as described by Newsholme et al. (1986) . Mesenteric lymph nodes were dissected from rats, and the lymphocytes were prepared as described by Ardawi & Newsholme (1982) . Cells were suspended in phosphate-buffered saline (Culvenor & Weidemann, 1976) which had been oxygenated for 30 min under 100 % 02 (Ardawi & Newsholme, 1983) .
Incubation procedure for lymphocytes and macrophages
The cells were incubated for the periods of time presented in the respective Tables, by the methods described for lymphocytes by Ardawi & Newsholme (1983) (except that 10 % foetal-bovine serum was replaced by 1.5 % defatted bovine serum albumin) and for macrophages, as described by Newsholme et al. (1987) . There was little cell death during the incubations, since nigrosine was excluded from > 95 % of the cells (Ardawi & Newsholme, 1983) . Preparation of lymphocyte mitochondria Rat mesenteric lymph nodes were dissected and washed several times with extraction buffer. The latter consisted of 210 mM-mannitol, 75 mi-sucrose, 10 mMTris/HCl and 0.5 mM-EDTA (K salt), pH 7.4. Lymph nodes were homogenized in this buffer in a manual homogenizer (Ardawi & Newsholme, 1982) . The homogenate was centrifuged twice at 500 g for 5 min, and the supernatant was centrifuged at 8500 g for 10 min. The sediment was taken up in the incubation medium. On the basis of citrate synthase and lactate dehydrogenase activities in crude extracts, it was shown that 80 % of the mitochondria was recovered and that the cytosolic contamination of the mitochondrial fraction was less than 1.5 %. For lymphocyte mitochondria, in the present work, the stimulation of the rate of 02 consumption (with succinate as substrate) by addition of ADP was 3.7-fold: the respiratory control ratio was 3.3.
Incubation procedure for lymphocyte mitochondria Mitochondria from lymphocytes were incubated in the following medium: 75 mM-mannitol, 25 mM-sucrose, 100 mM-KCl, 0.5 mM-EDTA (K salt), 10 mM-Tris, 5 mMpotassium phosphate, 1 % defatted bovine serum albumin, pH 7.4. The buffer was oxygenated with 1000 02 before addition of mitochondria and for 30 s after the addition of substrate. Preliminary studies demonstrated that the optimum pH for pyruvate oxidation by rat lymphocytes is 7.4, and addition of KHCO3 (0.1 mM) had no effect on the rate of conversion of [3-'4C]pyruvate into 14C02. The free Ca2l concentration in the incubation medium was 0.7 /LM [a CaCl2/EGTA concentration ratio of 0.84 was used, as described by Portzehl et al. (1964) and Denton et al. (1978) ]. The amount of mitochondria added to the incubation medium was sufficient to provide 0.5-1.0 mg of mitochondrial protein per incubation.
The '4C02 produced from [l-14C]-or [3-14C]-pyruvate was collected as described by Leighton et al. (1985) . For metabolite measurements, HC 104 was added to the incubation medium plus cells; the resultant precipitate was removed by centrifugation at 8500 g for 3 min in an Eppendorf micro-centrifuge. After removal of the precipitate, the supernatant was neutralized with 2 Mtriethanolamine/KOH, cooled to 0°C, and the KCIO4 was removed by centrifugation at 8500 g for 3 min (for details, see Ardawi & Newsholme, 1983) . Pyruvate was measured as described by Czok & Lamprecht (1974) , lactate as described by Eagle & Jones (1978) , aspartate by the method of Bergmeyer et al. (1974) and alanine as described by Williamson & Mellanby (1974) .
For measurement of pyruvate dehydrogenase activities in rat lymphocytes and murine macrophages, cells were extracted and the activity was measured as described by Coore et al. (1971) and modified by Denyer et al. (1986) . Protein was assayed as described by Bradford (1976) .
Expression of the results
The pyruvate dehydrogenase activities are presented as nmol of substrate utilized/min per mg of cell protein.
Pyruvate consumption and decarboxylation rates are presented as nmol/mg of cell or mitochondrial protein.
RESULTS AND DISCUSSION
The activities of pyruvate dehydrogenase from rat lymphocytes and mouse macrophages are about 3 nmol/ min per mg of protein (Table 1) . A similar activity has been reported for lymphocytes from the pig (Baumgarten et al., 1983 ). This activity is only about 5 % of the maximum activities of PFK from these cells ( Table 1 the rates of glucose utilization under similar conditions were 1.3 and 5.6 nmol/min per mg of protein, and for Table 1 . Activities of pyruvate dehydrogenase and other enzymes in rat lymphocytes and murine macrophages Pyruvate dehydrogenase activities were determined in mitochondria prepared from macrophages or lymphocytes after incubation at 20 min for 37°C; cells were also incubated with CCCP or dichloroacetate for a similar period. Other activities were obtained from Newsholme et al. (1986) Randle, 1981) . Secondly, the enzyme in the lymphocytes or mitochondria used in this work may be primarily in the active form, so that dichloroacetate or pyruvate would not be expected to have any effect. The rate of utilization of pyruvate (at 2 mM-pyruvate) by isolated lymphocytes was 2 nmol/min per mg of protein (at 37 C); the rates of formation of lactate, aspartate and alanine were 0.9, 0.3 and 0.1 nmol/min per mg and the remainder was converted into CO2. The rate of conversion of [1-14C] (Table 3) . A similar percentage has been reported for incubated macrophages (Newsholme et al., 1987) . In contrast, in the isolated mitochondria from lymphocytes, the rate of [3-14C]-pyruvate conversion into 14C02 was only about 1 % of that from [1-14C]pyruvate (Table 2) . Furthermore, of the total pyruvate utilized by mitochondria, almost all could be accounted for as 14CO2 from [1-_4C]pyruvate (Table 4) . This suggests that the activity of pyruvate carboxylase is much higher in intact cells than in isolated mitochondria, and that some factor is responsible for activation of the enzyme in the intact cell (e.g. acetylCoA).
Since mitochondria can be readily prepared from lymphocytes in sufficient quantity to carry out incubation studies, the effects of a variety of factors on the rate of oxidation of [1-'4C]pyruvate by isolated mitochondria have been investigated (Table 2 ). The factors include ADP, malate and glutamine: ADP was used, since it is known, in general, to stimulate the rate of oxidation of a number of mitochondrial substrates and is known to stimulate that of glutamine in lymphocyte mitochondria (R. Curi & E. A. Newsholme, unpublished work) ; malate usually increases the rate of pyruvate oxidation in mitochondria from many different tissues; and glutamine is known to be an important fuel for these cells (see the Introduction). Addition of ADP increased the rate of oxidation of [1-14C] pyruvate, which could be explained by a decrease in the NADH/NAD+ concentration ratio in the mitochondria, owing to stimulation of respiration. The effect of ADP on the rate of oxidation of [3-14C]-pyruvate was more marked: it increased the rate 6-fold. This may be partly explained by a stimulation of the tricarboxylic acid cycle by ADP and a decrease in the concentration of oxaloacetate and malate, so that the specific radioactivity in these cycle precursors could be increased.
The pyruvate-transport inhibitor cyano-4-hydroxycinnamate (Halestrap, 1975) decreased the rate of [1-14C]-pyruvate oxidation by 80%, suggesting that pyruvate requires a specific transporter in lymphocyte mitochondria, as in other cells. However, in contrast with the response of mitochondria from many other cells, the addition of malate (0.5 mM) to the incubation medium had no effect on the rate of [1-'4C]pyruvate oxidation. This suggests that these mitochondria can maintain a sufficient concentration of oxaloacetate to satisfy the cofactor requirement of the tricarboxylic acid cycle; this might be brought about by the high activity of pyruvate carboxylase ( Table 1 ). The presence of glutamine or glutamate decreased the rate of [1-'4C]pyruvate oxidation by approx. 300 (Table 2) , which may be explained by a decrease in the specific radioactivity of the pyruvate in the mitochondria, since glutamine (and therefore glutamate) can be converted into pyruvate (see Ardawi & Newsholme, 1985; Curi et al., 1986) . Glutamine inhibited the rate of [3-14C]pyruvate oxidation by 77 %, and in the presence of ADP the inhibition by glutamine was more than 91 % (Table 2 ). The mechanism is not known.
Addition of glutamate had a smaller effect, but this may be due to a low rate of transport into the mitochondria.
In previous reports, evidence has been presented that concanavalin A can acutely stimulate pyruvate oxidation (Hume et al., 1978; Hume & Weidemann, 1980); and Baumgarten et al. (1983) considered that this was due to a stimulation of pyruvate dehydrogenase by an increase in the mitochondria concentration of Ca2. In the present work, we have shown that incubation with concanavalin A, at a concentration previously shown to cause mitogenesis in cultured lymphocytes (Ardawi & Newsholme, 1983) did not change the rate of [1-14C]pyruvate conversion into 14C02: it did, however, increase the rate of [3-'4C]pyruvate conversion into "CO2 (Table 3) .
These results indicate that, in the present work, concanavalin A increases pyruvate utilization via a stimulation of pyruvate carboxylation, rather than via a stimulation of pyruvate dehydrogenation. It is possible that the lack of effect of concanavalin A on pyruvate dehydrogenation in the present work, in contrast with the findings of Baumgarten et al. (1983) , is due to the different concentration of concanavalin A: in the present work the concentration was 10 #tg/ml. Alternatively, it is possible that, in the present work, most of the pyruvate dehydrogenase was in the active form, so an effect of concanavalin A would not be expected. It should be noted that concanavalin A has been reported to activate pyruvate dehydrogenase from adipocytes (Mukherjee et al., 1980) . Nonetheless we consider that the stimulation of pyruvate carboxylation is of physiological importance in these cells, possibly to provide oxaloacetate for aspartate formation: the latter will be required for pyrimidine synthesis.
Until recently it had been been assumed that pyruvate was the most important substrate for oxidation by the tricarboxylic acid cycle in the mitochondria of lymphocytes (see Hume et al., 1978; Hume & Weidemann, 1980; Baumgarten et al., 1983) . However, it is now known that other compounds can enter the tricarboxylic acid cycle via acetyl-CoA in these cells (e.g. fatty acids, ketone bodies), and that glutamine is oxidized by part of the tricarboxylic acid cycle (Ardawi & Newsholme, 1983 . These findings suggest that pyruvate oxidation may play only a minor role in the provision of ATP for these cells, and it is tempting to speculate that pyruvate dehydrogenase is controlled by end-product inhibition (by NADH or acteyl-CoA; see above) rather than via a complex interconversion cycle involving a pyruvate dehydrogenase kinase and a phosphatase.
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